This paper aims (1) to test the endowment-based structural change theory proposed by recent studies such as Acemoglu & Guerrieri (2008) and Ju, Lin & Wang (2009); and (2) to explore the linkage between structural coherence and economic growth. By structural coherence, I refer to the degree that a country's industrial structure optimally reflects its factor endowment fundamentals.
Introduction
The purposes of this paper are twofold. The first is to test the predictions of factor-endowment-based theories of structural change. The second is to examine the relationship between economic growth and the "coherence" level of a country's industrial structure with its capital endowment.
Although neoclassical growth models generally feature balanced growth path, in reality the industrial composition of economies experience continuous shifts, accompanied by massive reallocation of labor and production resources across sectors. Investigations on the causes of structural change have been mostly theoretical. A recent example is Acemoglu & Guerrieri (2008) , who modeled structural change as a result of capital accumulation. In their two-sector model, as capital becomes more abundant output increases in the capital-intensive sector, while the direction of employment composition change depends on the elasticity of substitution between sectors.
1 Ju, Lin & Wang (2008) , focusing more on developing countries, arrived at similar conclusions: as capital accumulates, a country's industrial structure "upgrades" towards more capital-intensive industries. They also argue that when the industrial structure is not consistent with the capital endowment level, it can lead to suboptimal economic growth performance.
2
This prediction about the linkage between structural coherence and economic growth can also be derived from Acemoglu & Guerrieri (2008) 's framework, though not explicitly discussed in their paper. The intuition is straightforward: in Acemoglu & Guerrieri, output composition change towards capital-intensive industries is the natural result of the agents' optimal decision as capital accumulates. Hence, any arrangement that obstructs the structural change process towards alignment with factor endowments is not an optimal choice and therefore has a negative impact on long-run growth. The incoherence between industrial structure and factor endowment can be caused by such factors as over-restrictive labor market regulation, lack of competition in certain industries, and technology barriers, as identified in related literature.
3
This paper aims to test the above predictions empirically. In addition, it examines the change in labor income share along the structural change process. Most theoretical structural change literature strives to be consistent with the Kaldor facts -the proposition that growth rate of output, capital-output ratio, real interest rate and labor income share are relatively stable over time. Though very well-known in Macroeconomic literature, these
It is beyond the scope of the current study to identify specific causes of structural incoherence.
"facts" may not apply over extended periods and especially when the economy is going through dramatic structural transformation. Empirical evidence suggests that labor income share in most developed countries have been declining since the mid 1980s (e.g., Blanchard (1997) ; Bentolila & Saint-Paul (2003) ; de Serres, Scarpetta & de la Maisonneuve (2002) ; Arpaia, Perez & Pichelmann (2009) ). Some of these studies emphasize capital accumulation and sectoral composition change as driving forces of the decline in labor income shares. These arguments will be examined in this paper.
Here is an overview of the main empirical results. In general, the capital-intensive industries' output and employment sizes are larger when capital endowment is higher, and growth in capital endowment leads industrial structure to shift towards capital-intensive industries. These results apply to overall capital 4 endowment and to a large extent to endowments in three detailed types of capital -information technology capital (ICT), machinery and non-residential structure -as well. The paper is related to a large empirical international trade literature that aims to test Heckscher-Ohlin theorem and Rybczynski theorem.
At the same time, capital-intensive industries' labor income share decreases when capital endowment is higher. This result thus suggests that capital deepening combined with structural change towards capital intensive industries help explain the decrease in labor income share in many sample countries over recent decades. Finally, the result shows that the aggregate growth performance is significantly and positively associated with the coherence level between industrial structure and capital endowment. These results are mostly robust to changing measurements of capital intensity and controls for other industry characteristics and structural change determinants. 6 Recent examples of this literature are Harrigan (1997) , Reeve (2002) , Romalis (2004) and Schott (2003) . Some of these papers found that endowment and change of endowment in physical capital and/or human capital has a significant impact on trade patterns or industrial structure. The overall capital is the sum total of the three detailed categories of capital.
There are obvious differences in terms of the underlining theory between the present paper and most of that literature. Sectoral structural change induced by factor endowment change is a process independent of whether the country is an open economy or not. Thus the present paper covers all industries in an economy, regardless of whether the products are considered tradable or not. In terms of methodology, most of the endowment-related trade studies assume identical capital intensities of industries across countries, or at least the same capital intensity ranking in different countries. Thus they often use industry characteristics in one country as proxies for all other countries. Though a reasonable assumption when countries are relatively similar, this assumption is not 5 My focus in this paper is mostly fixed physical capital. The mechanism examined here can apply to intangible capital, too.
Che (2009) argues that the increasing importance of intangible capital in the production process is a cause of sectoral structural change in advanced economies. However, the test on intangible capital is difficult to execute at a cross-country setting due to data limitations. necessarily true as I will show in the next section. 8 The paper is also related to empirical investigations of allocative efficiency across industries and firms (e.g., Bartelsman, Haltiwanger & Scarpetta (2008) , Arnold, Nicoletti & Scarpetta (2008) ). This strand of literature mainly focuses on efficiency in resource allocation according to firm/industry's productivity level, instead of resource allocation according to consistency with factor endowments. To my best knowledge, the present paper is the first one to examine the impact of industrial structure-factor endowment coherence on economic growth.
In this paper I allow the capital intensity ranking of industries to change across countries and over time.
The paper is organized as follows. Section 2 summarizes the data and defines measures of variables. Section 3 presents the main empirical models and discusses the results. I add more restrictions to the empirical model and conduct robustness checks in Section 4. Section 5 concludes.
Data and Variables
The data used in this paper is from EU KLEMS database sponsored by the European Commission. The database provides industry output, employment, price, capital stock and investment data from 1970 to 2005 for both EU countries and several non-EU countries.
9 Table 1 lists the industries covered, the cross-country median growth rates of their real output shares, employment shares and nominal output shares over the 35-year period, and the cross-country medians of industry's overall capital intensity.
10
Consistent with common perceptions, some industries that are traditionally perceived as labor intensive, such as textile and food industries, have relatively low median capital intensity. Somewhat counter-intuitive, though, certain stereotypical "capital-intensive" manufacturing industries, such as machinery and basic metals, do not have particularly high median capital intensity according to table 1; in contrast, service industries such as social and personal services, health, retail, finance and education show up as relatively capital intensive. The reason is Industries are sorted by median real output share growth. It is worth noting that although the industrial composition change is different for each country, in general the real output composition is shifting towards service industries and a few more sophisticated manufacturing industries. This is consistent with the stylized facts about structural transformation documented in the existing literature about US and other more advanced economies. Employment composition has a similar trend to real output composition, yet shows an even stronger shift towards service industries. The median growth rate for nominal output shares has the same sign as employment shares but for seven industries.
that although the service industries are generally not intensive in machinery capital, they are more intensive in information technology capital and non-residential structure capital, thus boosting their overall capital intensity scores. The opposite is true for some basic manufacturing industries that rely heavily on machinery, but are not particularly intensive in other two categories of capital. On the whole, there is a positive correlation between industry's median real output share growth and median overall capital intensity, with a correlation coefficient equal to 0.25. Table 2 present the trend of labor income shares by country. In 13 out of the 15 countries covered, labor's share has declined over the sample period. The result is consistent with previous studies on the trend of labor income share in these countries, as reviewed in the introduction section. .7
. 8 1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 1970 1980 1990 With respect to factor endowment measures, the overall capital endowment of a country is calculated as the log of total real fixed capital stock over total labor. The overall capital stock consists of many different types of capitals, whose positions are arguably unique in the production process and can be seen as different production factors. Examining the relationship between structural change and those detailed types of capital will allow us see if the theories' predictions can universally apply to different production factors. Therefore, in addition to the overall capital, this paper includes three detailed categories of capital in the examination: ICT, machinery and non-residential structure. Endowment for these detailed types of capital is more complicated to measure than the overall capital. Although the absolute stocks for all three types of capital have been increasing over time for all countries, their relative importance in total capital stock has changed considerably. Figure 2 reports the share changes of each type of capital in total capital stock by country. ICT capital's importance has risen in all countries while the share of structure capital has almost universally declined. If we consider different types of capital as different production factors, a good endowment measure should take into account both the absolute quantity change in capital-x stock against labor and its relative change against other types of capital. Therefore, I calculate capital-x endowment as the log of capital-x stock over the total labor in a country multiplied by the share of capital-x (
According to this definition, the change in capital-x endowment can be expressed as Industry's capital stock-real output ratio is used as the main measure of capital intensity.
11
11 Some studies also used capital stock over value added ratio as a measure of capital intensity; see for example, Nunn For robustness check, I also use capital's income share in industry value-added as an alternative capital intensity measure. Human capital intensity is used as control variable in some of the regressions, which is measured by high-skill workers' compensation as a percentage of industry's total compensation. Figure 3 plots industry output share-weighted average capital intensities at country level for different types of capital. For all types of capital the average intensities differ across countries. Moreover, at least in some countries, capital intensities are not stationary. This is especially true for ICT capital, the usage of which has experienced surges in all sample countries especially since the 1990s. Even within the same industry, there are often big differences in capital intensity across countries. This difference turns out to be significantly related to the countries' capital endowments. Table 3 presents results of regressing capital intensity on country capital endowment industry by industry for three detailed types of capital. The regression coefficients are positive and highly significant for the majority of industries. There can be different factors contributing to the positive correlation. Since the industry classification used here is fairly broad, within the same industry different countries may be specializing in very different sub-industries according to a country's endowment fundamentals. And even when different countries are producing a similar product or service, the techniques they use can differ so as to take advantage of the more abundant factor in the country. The finding is consistent with Blum (2010) , who found that a production factor is more intensively used in all industries of a country when the factor becomes more abundant.
Since cross-country difference or time trends in capital intensity is not a focus of this paper, and because correlation between capital endowment and industry capital intensity can potentially cause multicolinearity in the regressions, I use the standard score of capital intensities instead of the raw capital-output ratio in the actual estimations. The standard score is calculated by normalizing an industry's capital-x intensity in country j of time t with the mean and standard deviation of capital-x intensity of all industries in country j at time t. The capital intensity score thus has the same distribution within each country and time period, and is mainly a measure of within-country variations of capital intensity across industries at a certain time. It raises the question of whether the capital endowment variables are simply stand-in factors for country's development stage. I will revisit the question later in the robustness check section. Second, industries that are intensive in overall capital, ICT and structure capital also tend to be human capital intensive. One explanation for the positive correlations may be that the "sophisticated" industries tend to be intensive in multiple types of capital. Thus in the robustness check section, I also include human capital-related variables as additional controls. of a country is calculated as the log of real overall capital stock over total employment ratio. Endowments of the detailed types of capital are measured as the log of capital-x stock over total employment ratio times the log of capital-x's share in the overall capital stock. 
Empirical Results

Capital Endowment and Structural Change
Although the theoretical literature on structural change generally assumes that capital and labor are freely mobile across sectors, in reality resources cannot be moved instantly. Neither is it likely that they would have an effect on output immediately after applied. To allow for the slow adjustment process, I set the unit of time period to be 5 years in the estimation. The basic estimation equation used for testing the linkage between capital endowment and industrial structure is
where the dependent variable is the log of real output share, employment share, nominal output share or labor income share of industry i in country j in the last year of a 5-year period;
is the standardized capital-x intensity of industry i in country j at the beginning year of the 5-year period (x can be overall capital, ICT, nonresidential structure or machinery capital);
is the capital-x endowment in country j in the same year.
Equation 1 does not account for the possibility that contemporary increase in capital endowment can also impact industrial structure. To allow for the endowment growth effect, I augment equation 1 by adding country-level capital endowment growth over 5-year period and its interaction with initial-year industry capital intensity: 
Keep in mind that
, 1 K x ij t − is the standard score of capital-x intensity. It captures the capital intensity of industry i relative to other industries within the same country and time period, independent of the average capital intensity of the country. The latter is itself a positive function of the country's capital endowment, as shown in section 2 and in Blum (2010 a should be negative when industry's labor income share is the dependent variable. If the endowment-based structural change theory is also confirmed by the empirical test, we can then establish a linkage between structural change and decline in labor income share through one mutual cause, that is, capital accumulation.
The error term in Equations 1 and 2 involves country-industry fixed effects that may co-vary with the dependent variables. The inclusion of lagged dependent variables on the RHS creates correlation between the regressors and the error term, which renders OLS estimation inconsistent. To correct these problems, I use ArellanoBond (1991) difference GMM method to estimate the model. One thing to keep in mind is that the structural change patterns are different across countries and time periods. Ideally Equations 1 and 2 can be estimated for each country and time period separately. This is not achievable due to data limitations and identification problems. By estimating the model in a cross section-time series setting, we get coefficients describing general patterns in the whole data set, which might be quite different than what is going on in a specific country and time. In fact, the assumption that the coefficients for the interaction terms vary across 13 Suppose that instead of a standard score, the raw capital intensity ij k  , which is a function of capital endowment in country j, is used in the estimation. The endowment effect on ij Y is thus:
country and time is the basis to test the relationship between structural coherence and economic growth, which will be specified in section 3.2. model is not likely to be susceptible to country-level endogeneity problem, as the value of the dependent variable varies at the industry level within a country. Industry-level endogeneity should not be a major concern either, given that our interest is with the interaction terms.
Overall capital
14 For all the three industry size regressions, the coefficients of capital endowment interaction and endowment growth interaction are positive and significant at 1% level, except for the "basic 1" regression (column 4) when employment share is the dependent variable. The result thus suggests that the sizes of capital-intensive industries' real output, nominal output and employment all grow with higher capital endowment and capital accumulation. IV estimates do not significantly differ from the basic regressions. In fact, the coefficients for both interaction terms increase and become somewhat more significant when IV estimation is used. Although not a direct proof against it, the results do not seem to support the proposition that the elasticity of substitution across different industries' products is less than one. Also notice that the coefficient for industry TFP growth is positive and significant in the real output share regression, indicating that industrial structure generally shifts towards industries with higher TFP. This result is consistent with the theoretical prediction of Ngai& Pissarides (2007).
That being said, to eliminate any potential endogeneity problems, I also use IV method to estimate Equation 2 with two-period lagged capital intensity and capital endowment as instruments. The result is reported in the 3 rd column under each dependent variable heading.
It is worthwhile to look at the impact of capital endowment on industrial structure at a more quantitative level.
According to the estimates of 3 a to 6 a in Equation 2 for real output share (column 2), industries whose real output shares increase with higher capital endowment on average have a standard score of capital intensity greater than -0.28; and for industries to expand with capital accumulation, their capital intensity scores should be greater than -0.22. Both numbers are between 50 and 55 percentiles of the within-country industry capital intensity ranking. In other words, among all the industries within a country, about half of them with relatively high capital intensity will expand with an increase in capital endowment. On the other hand, the estimates of Equation 2 for employment share (column 5) show that for an industry's employment share to increase with higher capital endowment and capital accumulation, the cutoff values of capital intensity score are 0.21 and 0.15 respectively. These numbers are between 63 and 65 percentiles of the capital intensity scores; that is, around 35 percent of industries on the high end of capital intensity will grow in terms of employment share when capital endowment is higher.
When labor income share is the dependent variable, the coefficients of both interaction terms are negative and significant at 1% level. This result thus suggests one specific channel of the recent decline in labor income share in many sample countries. Namely, when capital becomes more abundant, labor income share declines in industries that are relatively capital-intensive; since these are also the industries that become a bigger part of the economy when capital endowment is higher, the country-level labor income share declines as the industrial structure changes towards capital intensive industries. The result from a different perspective supports de Serres, Scarpetta & de la Maisonneuve (2002) , which argues that the decline in labor share in certain EU countries and in US partly reflects the changes in industrial composition. is the log real output share of industry for column 1-3, the log employment share of industry for column 4-6, the log nominal output share of industry for column 7-9, and the log labor income share in industry value-added for column 10-12. The Arellano-Bond difference GMM estimator is used in all regressions. The explanatory variables are treated as exogenous in Basic1 and Basic2 columns. IV columns report estimates using lagged two-period capital intensity and capital endowment as additional instruments in the regression. K is the overall capital intensity. K_ENDW is overall capital endowment. ΔK_ENDW is the 5-year growth rate of overall capital endowment. Lagged dependent variables and country's real aggregate output per worker are also included as control variables. ***: p value<0.001; **: p value<0.01; *: p value<0.05. estimates where factor intensities and endowments are treated as endogenous.
Detailed Categories of Capital
Compared to the results for overall capital, the relationships between detailed types of capital endowment and industry growth are more of a mix. When industry share is the dependent variable, the two interaction terms for ICT capital are positive and significant at the 1% level (the 1 st and 4 th rows of table 6), no matter which of the three measures of industry size is used. The magnitudes of coefficients are greater for nominal and real output share than for employment share.
As for structure capital, the interaction term involving initial structure endowment (the 2 nd row) is negative for real and nominal output share and positive for employment share. The coefficients are all significant except for the IV estimate in the real output growth regression. The interaction between structure intensity and structure endowment growth (the 5 th row) enter with a positive and significant sign in the real output and employment growth regressions, but is negative, though less significant, in the nominal growth regression. The results suggest that structure capital intensive industries' real output and employment grow faster as structure endowment accumulates, but their nominal growth is lower with higher structure capital endowment. Notice that for structure capital, the interaction terms have opposite signs in the employment growth regression and in the nominal output growth regression, which does not seem to be consistent with the theoretical prediction with constant elasticity of substitution between industrial goods. On the other hand, for both of the other two types of capital, the interaction terms have the same sign in the two regressions.
Next let's look at machinery capital. The interaction term for initial machinery endowment (the 3 rd row) is negative in the employment and nominal output growth regressions, and positive in the basic real output growth regressions. However, in the latter when factor intensities are treated as endogenous, the term becomes insignificant and negative. The interaction term of machinery endowment growth is negative and significant for all three measures of industry growth.
All in all, when different categories of capital are treated as separate production factors, the results are only partially consistent with the endowment-based structural change story. Especially when industry real output growth is concerned, the results for structure and machinery capital seem to violate what the theory would predict. However, we shall keep in mind that the theoretical result only describes the "no-friction" scenario and does not take into account such realistic factors as inefficiencies in resource allocation and non-competitive market structures. No matter what these factors are, if the sectoral structures that they lead to are indeed suboptimal, we shall observe a negative relationship between deviations from the optimal structural change path and economic growth performance. The next section will investigate this relationship.
Finally, let's look at the labor income share regressions (columns 10 -12). Consistent with the result for overall capital, both interaction terms for ICT and structure capital are negative and significant except for the coefficient of "ICT × ΔICT_ENDW" . However, the two interaction terms for machinery capital are both positive and significant, which may suggests that machinery capital has very different elasticity of substitution with respect to labor than the other two types of capital. is the log real output share of industry for column 1-3, the log employment share of industry for column 4-6, the log nominal output share of industry for column 7-9, and the log labor income share in industry value-added for column 10-12. The Arellano-Bond difference GMM estimator is used in all regressions. The explanatory variables are treated as exogenous in Basic1 and Basic2 columns. IV columns report estimates using lagged two-period capital intensity and capital endowment as additional instruments in the regression. ICT, STR and MCH are capital intensities in information technology, structure and machinery capital. K x _ENDW is capital-x endowment. ΔK x _ENDW is the 5-year growth rate of capital-x endowment. Lagged dependent variables and country's real aggregate output per worker are also included as control variables. ***: p value<0.001; **: p value<0.01; *: p value<0.05.
Structural Coherence and Economic Growth
I use structural coherence to refer to the degree that a country's industrial structure aligns with the country's factor endowment fundamentals. The endowment-based structural change theory predicts that industries which use a production factor intensively expand when the endowment of the factor accumulates, given no distortions to the market system and to individual agents' decision making. An interesting question to ask is: what would happen if the industrial structure does not evolve in accordance with the changes in the country's endowment fundamentals? What is the impact on growth and welfare if the industrial structure is not coherent with the endowment structure? Previous studies have shown that structural change characteristics do have aggregate effects on countries' labor market performance (Rogerson, 2007) and on aggregate productivity (van Ark, O'Mahony & Timmer, 2008; Duarte & Restuccia, 2010) . This section will examine the relationship between structural coherence and economic growth. Figure 4 gives a rough presentation of this relationship. The graphs are constructed in the following way. The 15 sample countries are ranked according to their (1) factor endowments in overall capital and three detailed types of capital, averaged between 1990 and 2000; and (2) weighted average factor intensities in the four capital categories over the same period. A country's "structural coherence score" in capital-x is defined as the absolute gap between the two rankings for type-x capital. Intuitively, the smaller the gap is, the more a country's industrial structure is in alignment with its capital-x endowment. Figure 4 plots countries' annual real GDP growth rate over the 1990s against their coherence scores. It is clear from the graphs that in general, there is a positive relationship between structural coherence level and aggregate growth for the time period covered. The relationship is present, though to various degrees, for all three detailed types of capital and for the overall capital as well. Gap between endowment and factor intensity rankings: Overall capital Structural Coherence and Economic Growth (1990 Growth ( -2000 The information revealed by a static graphic presentation is however limited, as the industrial structure is in constant shift and it is the direction of such shift that is more relevant to our study. The three-way relationship between factor intensity, factor endowment and growth can be explored more systematically by a regression model that fully utilizes the information in the data. Recall that in Equation 1, 3 a is the coefficient for the interaction term between industry capital-x intensity and country's capital-x endowment: a * is not very likely to be reached in a real economy, since in reality there are many factors that obstruct optimal resource allocation and the evolution of industrial structure. Then when the sizes of industries are prevented from evolving with capital accumulation, 3, , j t a will be less than 3 a * .
The smaller 3, , j t a is, the less adaptive the industrial structure is to endowment change. In the extreme case when industrial development is to the opposite direction of capital endowment change, 3, , j t a would be negative.
It is a natural conjecture that the coherence level between industrial structure and capital endowment would have an impact a country's growth performance. The aggregate growth rate of country j, " GROW j " can thus be modeled as a function of 3, , j t a . I assume that this relationship is linear and can be expressed as There are obviously important caveats to the functional form. First, it assumes that inefficiencies in resource allocation generally make industrial structure "sticky", i.e., prevent industrial structure from evolving to reflect endowment change, thus lead to 3, j a being lower than 3 a * . But the opposite is also possible. Centralized economic policies by countries such as the former Soviet Union push for rapid industrialization and force the capital-intensive industries to expand too quickly despite the country's low capital endowment, which led to poor growth performance. In that case 3, j a can be higher than the optimal value 3 a To get a sense of the magnitude of structural coherence's influence on growth, let's look at the three-way interaction term for the overall capital (column 1). Notice that 2 d = 0.176 implies the value of 2 f around 5.67.
Suppose that we take the estimate for 3 a , the coefficient for variable "K × K_ENDW" in equation 1 (the 1 st column of table 5) to be the optimal value 3 a * when industrial structure is fully in line with overall capital endowment. This is probably an under-estimate of the theoretical 3 a * due to various frictions in real economy.
The results from the equation 1 and 5 combined indicate a difference in 5-year aggregate output growth rate of 0.192 between the case of complete structural coherence and the case when structural change happens randomly, in which scenario 3 a is equal to zero. Calculated this way, the growth differential related to structural coherence is about 35% of the gap between the growth rate of 1 percentile and of 99 percentile countries in the data.
Robustness
Using income share to measure factor intensity
In the baseline regressions I used the ratio of industry capital-x stock to real output ratio as the measure of industry capital-x intensity. To see how sensitive the main results are to the choice of measurement, here I use capital income share in industry value added as an alternative measure of capital intensity. In Table 8 and 9, the variables in lowercase letters --k, ict, str, mch -stand for factor intensity scores in overall, ICT, structure and machinery capital, calculated as standardized capital income shares. Table 5 , the coefficients for the overall capital endowment and endowment growth interactions are generally smaller, but the significance levels do not change, except for the interaction "k × K_ENDW" in the employment share regression, which turns negative and insignificant. Among detailed categories of capital, compared to the baseline estimation the interactions for machinery capital endowment "mch × MCH_ ENDW" and endowment growth "mch × ΔMCH_ENDW" changed sign in the real output share regression; the interaction for structure capital str × STR_ ENDW turns positive in the nominal output share regression, which brings the directions of change for employment share and nominal output share the same for all types of capital. Other than the above differences, the estimates with the alternative capital intensity measure are fairly close to the baseline estimation when industry sizes are the dependent variables. When the labor income share is the dependent variable, the interaction terms for ICT capital turn positive; other types of capital retain the same signs as in the baseline regressions.
For the structural coherence and growth regression (Equation 5), as shown in Table 9 the three-way interaction terms are positive and significant for all types of capital except for non-residential structure, which is positive and significant when the estimation only includes one type of capital, but turns insignificant when all detailed types of capital are present in the estimation. All in all, changing the measure of factor intensity does not significantly change the regression results. is the log real output share of industry for column 1-2, the log employment share of industry for column 3-4, the log nominal output share of industry for column 5-6, and the log labor income share in industry value-added for column 7-8. The Arellano-Bond difference GMM estimator is used in all regressions. k, ict, str and mch are capital intensities in overall, information technology, structure and machinery capital, which are measured as capital-x income share in industry value-added. K
x _ENDW is capital-x endowment. ΔK x _ENDW is the 5-year growth rate of capital-x endowment. Lagged dependent variables and country's real aggregate output per worker are also included as control variables. ***: p value<0.001; **: p value<0.01; *: p value<0.05. ICT, structural and machinery capital respectively; column 5 is the result when all three detailed types of capital are present in the regression. Capital-x intensity is measured by capital-x's income as a share in industry value added. k, ict, str and mch are capital intensities in overall, information technology, structure and machinery capital. K x _ENDW is capital-x endowment. GROW is the 5-year average aggregate real output growth rate of a country. The Arellano-Bond difference GMM estimator is used in all regressions. Lagged dependent variable, country's real aggregate output per worker, and industry 5-year TFP growth are also included as control variables. ***: p value<0.001; **: p value<0.01; *: p value<0.05.
Further Robustness checks
The results presented so far have not considered a range of other factors affecting the structural change process besides capital endowment and TFP growth. This section aims to address several of these factors. First, it is important to make sure that capital intensities are not stand-in variables for other industry characteristics that would impact industry growth when interacting with capital endowment. One such characteristic is human capital intensity. Ciccone & Papaioannou (2009) found that human capital intensive industries grow faster as human capital accumulates.
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Moreover, it is possible that capital endowments proxy for other influential variables such as economic development level. The demand-side literature on structural change motivates shifts in industrial composition by assuming non-homothetic consumer preferences: as a country becomes richer, consumer preference shifts to services and other more "sophisticated" goods (e.g., Echevarris (1997), Laitner (2000), Buera & Kaboski (2009) ). If this is true, then since capital-intensive industries generally involve relatively complicated technology and production process, it is possible that those industries grow more in high-income countries due to demand side reasons, and capital endowment level can simply be a substitute for the effect of national income. Similarly, it is possible that rich countries have an advantage in high value-added industries. If those industries happen to be capital intensive, then our previous results can be generated for completely different reasons. To account for these possibilities, I add to Equation 2 additional control terms including the interactions between industry capital intensities and countries' aggregate output per worker of the same period, and also the interaction between industries' degree of value-added (value-added to gross output ratio) and countries' aggregate output per worker .   Table 3C has shown that industry human capital intensity has significant positive correlation with aggregate, ICT and structure capital intensities. Meanwhile, more developed countries may have high endowments in both human capital and various types of physical capital. Therefore, I augmented Equation 1 with human capital intensity and the interactions between human capital intensity and different types of physical capital endowment. Table 10 reports the regression results of Equation 2 for overall capital, augmented with the above controls. The 1 st column under each dependent variable heading is the result when human capital intensity (HUM) and its interaction with overall capital endowment (HUM × K_ENDW) are added to the model. The coefficients for the human capital interaction terms are all positive and significant in the industry size growth regressions, and negative in the labor income share regression. Although adding human capital controls make the coefficients of the main interaction term "K × K_ENDW" slightly lower in all four regressions, it does not impact the significance level of the coefficients. The sign and magnitude of the capital endowment growth interaction "K × ΔK_ENDW" are mostly unchanged.
The 2 nd column under each explanatory heading reports results with controls of industry human capital, countries' GDP per worker (Y) and industries' degree of value-added (HighVA). The interaction terms "K × Y" and "HUM × Y" are positive and significant in most of the industry size growth regressions, except for "K × Y" in the employment share regression and "HUM × Y" in the real output share regression. The result suggests that capital intensive and human capital intensive industries are indeed larger in more developed countries, indirectly confirming the existence of the demand side structural change hypothesis. The coefficients for the interaction term "HighVA × Y" indicate that high value-added industries are bigger in higher-income countries in terms of nominal output, but not in real output. although the values of their coefficients are somewhat lower, the main interaction terms "K × K_ENDW" and "K × ΔK_ENDW" remain positive and significant in all industry size growth regressions, except for "K × K_ENDW" in the second nominal output share regression. In the labor income share regression, both sign and significance level of the two interaction terms remain basically unchanged. is the log real output share of industry for column 1-2, the log employment share of industry for column 3-4, the log nominal output share of industry for column 5-6, and the log labor income share in industry value-added for column 7-8. The Arellano-Bond difference GMM estimator is used in all regressions. K and HUM are capital intensities in overall fixed capital and human capital. HighVA is the ratio of industry valueadded over gross output. K_ENDW is overall capital endowment. ΔK_ENDW is the 5-year growth rate of overall capital endowment. Y is country's aggregate real output per worker. Lagged dependent variables and country's real aggregate output per worker are also included as control variables. ***: p value<0.001; **: p value<0.01; *: p value<0.05. Table 11 reports estimates of Equation 2 for ICT, non-residential structure and machinery capital with additional controls. Several things are worth noticing. First, the interactions between human capital intensity and ICT and machinery endowments have positive coefficients in all three industry size regressions, while the coefficients for "HUM × STR_ ENDW" are negative. The result may be due to the complimentary effect between human capital and technology capitals, or because of a positive correlation between technology capital endowments and human capital endowment.
Second, the interaction terms "ICT × Y" and "STR × Y" both have positive signs in all industry size regressions; yet the coefficients for "MCH × Y" are all negative. Since machinery intensive industries are mostly in the manufacturing sector, the result may be due to the de-manufacturing process that has been ongoing in most of the advanced economies in recent decades, partially caused by other factors such as international trade. However, the interactions between capital-x intensity and Y should be interpreted with caution. In some cases national income can be a better measure of capital endowment than capital stock itself, since the capital stock number may not take into account the quality or productivity differences of capital across countries of different development stages, which might be especially true for technology capital such as ICT and machinery. If this is the case, then the interaction terms between capital-x intensity and per worker aggregate output can also indicate the capital endowment effect on the dependent variable. The machinery interaction terms in the labor income share regression seem to manifest this logic: the main interaction term "MCH × MCH_ ENDW", which is negative in the baseline regression, turns positive and significant when the interaction term "MCH × Y" is added, while the coefficient for the latter is negative and significant.
Thirdly, though the magnitudes of coefficients are slightly lower, most of the main interaction terms we are interested in have the same signs and significance level as in the baseline regressions, except for "STR × ΔSTR_ENDW" and "MCH × ΔMCH_ENDW", which reversed signs in the regressions with only human capital controls. All in all, for the most part the capital endowment effect on industrial structural does not seem to be driven by other factors impacting the structural change process. And most of the endowment effect on capitalintensive industries' labor income share also remains robust to additional controls. is the log real output share of industry for column 1-2, the log employment share of industry for column 3-4, the log nominal output share of industry for column 5-6, and the log labor income share in industry value-added for column 7-8. The Arellano-Bond difference GMM estimator is used in all regressions. ICT, STR, MCH and HUM are capital intensities in information technology, structure, machinery and human capital. HighVA is the ratio of industry value-added over gross output. K_ENDW is overall capital endowment. ΔK_ENDW is the 5-year growth rate of overall capital endowment. Y is country's aggregate real output per worker. Lagged dependent variables and country's real aggregate output per worker are also included as control variables. ***: p value<0.001; **: p value<0.01; *: p value<0.05.
Finally, let's look at the relationship between structural coherence and economic growth when additional controls are added. I augment estimation of Equation 5 with interaction terms involving human capital intensity, countries' GDP per worker, industries' degree of value added and TFP growth. Recall that the coefficients for interaction terms "HUM × K x _ENDW" in Tables 10 and 11 are positive in the industry real output share regressions (except for "HUM × STR_ ENDW"). Thus it is natural to check if the coefficients for these human capital interaction terms are also related to aggregate growth, similar to the coherence effect described in section 3.2. It turns out that this conjecture is disconfirmed. Table 12A presents estimates of Equation 5 with human capital related controls. The three-way interactions "HUM × K_ENDW × GROW", "HUM × ICT_ENDW × GROW", and "HUM × STR_ENDW × GROW" all have negative coefficients with various significance levels. Only the term "HUM × MCH_ENDW × GROW" enters with a positive sign. On the other hand, the coefficients for the main interaction terms are very close to those in the baseline estimation. Thus the structural coherence' effect on aggregate growth is basically not impacted by adding human capital related factors. Three additional factors that might influence the structural coherence effect are considered. First, results in Tables 10 and 11 suggest that development level does have certain impact on industrial structure: the capital intensive industries are generally bigger in higher-income countries. It is possible that aggregate growth is also affected by the degree to which the evolution of industrial structure aligns with a country's development stage. Second, the industry value added-development stage is an intuitively appealing explanation for structural change. Although the term "HighVA × Y" is not positive in the real output share regression, it is interesting to see if there is a linkage between the coefficient for this term and aggregate growth. Thirdly, the literature on allocative efficiency (Bartelsman, Haltiwanger & Scarpetta (2008) , Arnold, Nicoletti & Scarpetta (2008) ) suggests that growth is linked to whether resources are efficiently distributed to firms and industries with higher productivity. According to this proposition, a higher coefficient for industry TFP growth in the output share regression should also be beneficial to aggregate growth. Table 12B presents estimates of Equation 5 with additional controls involving countries' total output per worker (Y), industries degree of value added (HighVA) and industry TFP growth (TFP_GROW). The coefficients of the three-way interaction terms between different categories of capital intensity, countries' total output level and aggregate growth rate (K x × Y × GROW) do not have consistent signs, negative for overall capital and nonresidential structure, and positive for ICT and machinery capital. The term "HighVA × Y × GROW" is mostly positive, except when put together with ICT capital interactions. The TFP interaction term "TFP_GROW × GROW" has positive and significant coefficients across all specifications, which indicates that efficient resource allocation in accordance with industry productivity does have a positive association with aggregate growth.
When K x is the overall capital, ICT capital or structure capital, the interaction term "K x × K x _ENDW × GROW" remains positive as in the baseline regression; besides, the interaction for structure capital is now more significant than before. The three-way interaction for machinery capital becomes negative. However, notice that the newly-added control "MCH × Y × GROW" is positive and highly significant. Thus the change of sign for the term "MCH × MCH_ENDW × GROW" can be due to the fact that national income level is perhaps a better measure of machinery capital endowment than "MCH_ENDW". In sum, compared to the baseline results, except for the machinery capital, the main interaction terms between capital intensity, endowment and aggregate growth rate remain positive and significant after adding the additional controls. Therefore the linkage between structural coherence and economic growth does not seem to be a substitute for other effects. is the log real output share of industry. Column 1 reports estimates for K x = overall capital; column 2-4 report results for K x = ICT, structural and machinery capital respectively; column 5 is the result when all three detailed types of capital are present in the regression. K, ICT, STR, MCH and HUM are capital intensities in overall, information technology, structure, machinery and human capital. K x _ENDW is capital-x endowment. GROW is the 5-year average aggregate real output growth rate of countries. Y is country j's real aggregate output per worker at the beginning year of a period. HighVA is industry value-added over gross output ratio. TFP_GROW is the 5-year growth rate of industry TFP index. The Arellano-Bond difference GMM estimator is used in all regressions. Lagged dependent variable, country's real aggregate output per worker, and industry 5-year TFP growth are also included as control variables. ***: p value<0.001; **: p value<0.01; *: p value<0.05.
Conclusion
This paper tests the endowment-based theory of industrial structural change proposed by studies such as Acemoglu & Guerrieri (2008) and Ju, Lin & Wang (2009) , and explores the linkage between structural coherence and economic growth. Here structural coherence refers to the degree that a country's industrial structure aligns with its factor endowment fundamentals.
The endowment-based structural change theory predicts that when industries differ in terms of their capital intensities, an increase in capital endowment would raise the output of the capital intensive industries relatively more, which process causes the industrial composition of an economy to change along with capital accumulation. An extension of this proposition is that since structural change towards industries that intensively use a production factor is the optimal result of resource allocation as the endowment of the factor increases, then any arrangement that obstructs the structural change toward alignment with endowment fundamentals can be a detriment to economic growth.
This paper, using data of 27 industries from 15 countries, examines whether higher capital endowment is associated with larger sizes of capital intensive industries for overall capital and three detailed categories of capital, ICT, non-residential structure and machinery. For the overall capital, the real and nominal output share and employment share of capital intensive industries are significantly larger with higher initial period capital endowment and with faster capital accumulation. This result also applies to ICT capital and partially applies to machinery and structure capital. In addition, the labor income share of capital intensive industries is negatively associated with capital endowment and endowment growth for most types of capital. The result thus provides one way to understand the relationship between structural change and the declining trend of labor income share in many of the sample countries.
After confirming the impact of capital endowments on industrial structure, the paper tests whether a higher level of structural coherence is related to better economic growth performance. The result shows that a country's aggregate output growth is higher when the industrial structure is more consistent with the country's endowment level in all types of capital. The results of the paper are mostly robust to alternative measures of capital intensity, to controls for other industry characteristics such as human capital and degree of value-added, and to controls for other determinants of structural change on both demand side and supply side.
